Fluid shear stress magnitude, duration, and total applied load regulate gene expression and nitric oxide production in primary calvarial osteoblast cultures.
Successful bone engineering requires an understanding of the effects of mechanical stress on osteoblast differentiation. Therefore, we examined the effects of varying magnitude and duration of fluid shear stress on factors associated with osteoblastic differentiation. Using a cone viscometer, primary neonatal rat calvarial osteoblasts were exposed to continuous fluid shear stress at varying doses: 0.21, 0.43, and 0.85 Pa for varying time periods. Gene expression was analyzed using Northern blots and nitric oxide production was quantified with the colorimetric Griess reaction. Fluid shear stress stimulated comparable transient increases in TGF-beta1 and TGF-beta3 expression by 3 hours. TGF-beta1 expression returned to baseline by 12 hours at all shear doses. In contrast, TGF-beta3 expression decreased by 22 percent and 47 percent at 12 hours in response to 0.43 Pa and 0.85 Pa, respectively. Osteopontin and Msx-2 expression patterns were consistent with a more differentiated phenotype at all shear levels. The maximum level of shear stress increased nitric oxide production 2.5-fold at 12 hours and 6.0-fold at 24 hours. These data demonstrate differential regulation of TGF-beta1 and TGF-beta3 isoforms with fluid shear stress. Furthermore, because osteopontin and Msx-2 changes were consistent with progressive differentiation at all levels of shear stress, dosage appears to be less important than the presence of an effective physical stimulus. Lastly, nitric oxide does not appear to be the primary regulator of early transcriptional changes found in this study.